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(54) PLASMA TREATMENT APPARATUS AND TREATMENT METHOD 
(57)Abstraet: 

PROBLEM TO BE SOLVED: To make rt possible to solve a problem 
that a reeotrve product m plasma rs attached to a surface of a 
probe, and a plasma characteristic can not be measured correctly in 
a conventional measuring technique, in which a DC voltage is 
applied to the probe for plasma characteristic measurement a 
current carried from plasma Is measured, and plasma characteristics 
are measured from the current/voltage characteristics. 
SOLUTION; The plasma treatment apparatus includes a probe 
mounted in plasma to be measured, a high frequency power supply 
for applying a high frequency to the plasma, a voltmeter for 
measuring the voltage in the probe, an ammeter for m^unn^ the 
high frequency current carried in the probe, and a data processor 
for estimating the plasma characteristics from the high frequency 
current/voltage. By using the high frequency current/voltage 
characteristics instead of DC current/voltage characteristics, 
plasma measurement can be carried out with small influence from 
outer distrubanee-that is hardly affected by a disturbance- in surface 
conditions of the probe. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



^II^: d K CWme * , l* , * 6 ^ e Il, t ? n5,8ted com P uter - So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. precisely. 

3Jn the drawings, any words are neat translated. 



CLAIMS 



[ClaimCd] 



• [ 5 la! ! T * 1 i Th0 3ubSt T at ? f ,octrod » laying a proteased substrate in the processing room and this processing 
£aZLn?LX^' Ch ^th^rceofthe^srna. a gas supply system, end Jevacua£n^fem!ln Xma ■ 
Inro^hS^u^^ ^J*^™'**" f *"»r ator for adding high frequency bias to a proceasedTubrtrate 

T*5 £r substrate electrode The probe section inserted into the plasma of said processing interior ofaroom. 
^"IZ^TJT' T T PP ' Lea ™*^^™y voltage to this probe section. Pbsma ^7^^ 
Hl^r„^ y ^ ^ ! propcrty device which consists of a voltmeter whioh m«3re7tnt 

high^requency voltage of this probe section, and ah ammeter which measures- the high frequency current which 
flows into the plasma through this probe section. 4 y 1 wmcn 

tK„ ta ilE P ' a T W V"**"**"* characterized by sharing the power source which supplies high frequency to 

the probe section inserted ■ntoeaid plasma in plasma, treatment equipment acoording to claim 1 with th^RF 
generator which supplies high frequency bios to o processed substrate. 

«>T P |a ^^^ t B 7 t ; e ^ i P me "t ^ a raoteri 2 ed by using In plasma treatment equipment according to claim * 
as the probe sect.on which inserts said processed substrate or said substrata electrode into the plasma 
£ ™ L subatrata •»•«*»>* for laying a processed substrate In the pressing roo^Zd *is p^coeeirut 
■ntenor of a room which have the source of the. plasma, a gas supply system, and af Jcu^Xn^rote 

MET ^°^' e aUbSt f atC usin * the P ,8S ™ ! " P>asm a treatment equipment equipped w^'^e fT 
generator tor adding high frequency bias to a processed substrate through trrfa substrate electrode, and la Inserted 
.nto sa.d plasma. The RF generator which supplies high-fre W ency voltage to this probelection?and the ve£££? 
^Tvtm^^t^T^ ° f Pr ° be SeCtion - Sajd Ngh-frequency vohTge and saTd h!gl 
nSZEkSTElZZ measured wrtn *• P^ 6 ™ Property metering device whioh consists of an ammeter which 
measures the h.gh frequency current which flows into the plasma through this probe section. The ertuelUha 
!«57il!! I^ ,ne t i* . *T? characterized hy Presuming a plasma property from this electrical potential difference 
.*» mMaurad value <* 8 current, and supervising the situation of the plasma under etching. 

-nd SUbStr3te Char *ft rized bv P resumi "8 » P'"3m a property by fitting C this high-frequency 
SJaSTo?. S^lSnttS.^ ParametEr ° f ^ P ' 0d01 Which "" Sis * <* ■ *-* 3 ■<» 
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* NOTICES * . I 

JPO end KCIPI are not responsible for any 
oarages caused by tha use of this translation. 

3.1n th* drawings, any words are not translated. 

DETAILED DESCRIPTION _ " 

[Detailed Description of the Invention] *~" * 

[0001] 

S^Z^^^^XSSS£TJi Z\£ ^It^ 9 ^T"* •**»«* — * Perfonn 
quality of the processing espeoTally ^tee to- what measures a plasma, property and- supervisee the 

E0002] 

[Description of the Prior Art] Conventionally, there la an accroach called th* I anc • . . . . . , 

measures the consistency of the plasma electron temeertSSr^Il T 1 ^ Un8 ™ ,r ? robe method which 
measuring the direct-current-vote ««^ <S22t2E^^^J^ * 1 profae p,asm » and 

indicated by "Plasma Diagnostics TvXn^ ^l^m^^a Or^^^M UrerT lf nt ^ proach ofa P |aa ™ Property aa 
**>. Moreover, as indicated ^^ ^^992^^^^^-^*^ °" Da " i8 ' L Ftamm • Academic Press 
ueingthe plasma la per^rmeS. t oScr to £pt*JSh^2K £H^ f^f 8 ?*'^ «~ system 
the conditions, such aa luminesoenoe^t^e 2 , LAS^oS IZ^^l^'lf^ 9 - the monitor «* 
5SST 88 ' ^ reP ' aCement - ^n^devSaS^L: 8 * m,rth0d 

KSSElS **u^^^^ of the above-mentioned conventional 

deleted according to an opeT^on^ ZT^ToZT^^ £ *° « ^rturc can b c 

of plasma treatment qualiL aWtteitoZ^^^' and to Sup erv.se a device status about tha monitor 

Sisals r^^rSF^r"- t^Ksssss-Ji. 

ia characterized by having thi^asm* orocZZ ^^^i * u ?'> b *?*»&-**<W™V voltage to this probe section. It 
high-frequency volta£of thte probe sa^Ttndtn *JLf£2 XT COns,3t3 ° fa voltmeter whioh meaaurea tha 
flows into tha p lasm ^^ Cp ro S b 8 e ^aCtion Wh '° h "— fre ^^ ^rrent which 

^^^^ 

HEirf^.^ -e r u red W ^ high-frequency yoitage current 

presuming the ^t4^^^o^ B Tt^e^l^L^ ^ 5h ^ th T f^^^ a ^' t6rft ^^^ 

Sa~r^p™ 

etching. Since the condition an at^na usedfor supervta ng the situation of the plasma under 
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Embodiment of the Invention] The 1st example of this invention is explained using drawing 3 from drawing 1 below 
the Lexample 11 First the measuring circuit of the plasma property metering device which used this invention for 
qryflrtK 1 * shown. The spherical probe 102 is loaded into the plasma 101 used as the measuring object The plasma 
101 shall be grounded through the ground electrode 108 which has a big area compared with the surface area of a 
probe t02. A probe- 102 a- product made from- stamJess- steel. The- eonf»gurat*>n, of a probe 1 02 may not be limited 
to a ball and may be other configurations, such as a plate and a cylinder. Moreover, the construction material of a 
probe 102 may also be copper, aluminum, etc-, as long as conductivity is htgh and Its thermal resistance is high 
L001 11 RF generator 107 which supplies high-frequency power is connected to the probe 102 through the capacitor 
1 05 and the electric wire 1 03 with which the front fee* was insulated wrth the alumina ceramic etc. The *"*»tr~ter 
10S for furthermore measuring the electrical potential difference of a probe- 102 and -a cwrentand the ammeter 104 
are connected. Insulating materials, such as an alumina ceramic of electric-wire 103 front face, arc used in order to 
make it the high frequency current which flows by RF generator 107 flow to the plasma f01 through a probe 102. 
The RF current potential property of the plasma is measured in this measuring circuit, 

[0012] Next, how to presume a plasma property from a high-frequency-voltage current characteristic is explained 
Generally compared with the impedaTtee of a bulk pert the impedance of plasma of a sheath part is highland since- 
the property of a probe and the sheath produced in the interface of the plasma appears in the volt ampere 
characteristic the prasma corresponding to drawing 1 is modeled Fn consideration of a sheath part in the measuring 
circuit shown in drawing 1 . The high frequency current in the plasma is borne with an electron with mainly small 
mass. Therefore, the ion sheath with an electronic low consistency is modeled as a capacitor In high frequency. 
Moreover, according to en electrical potential difference^ a- model is made with an electron and the current source 
to which ion bears a current in direct current Moreover, the capacity and a current change depending on high- 
frequency voltage in a capacitor and a current source. Therefore, the measuring circuit which the sheath section is 
modeled as a parallel circuit of capacity and a currant source, and is shown in drawing 1 is modeled as shown in (a 
formula IX 
[001 3 J 
[Equation 1] 



i : &m&mm. 
v : &&&&& 

C (V) : is-xm* 

[0014] The property of the high -frequency voltd&e of a me^urvroent ■o&uit tns 6m6ol*~i capacity oaloulausu from \}m 
high-freo^ency-vattage current which, measured the high, frequency curreoctto drawing 2 according to (the formula 
1). and the source of the sheath current is shown in drawing 3 . The electrical potential difference with a frequency 
of 800kHz was applied to the probe. 

[0015] The value of the high frequency current counted backward from she atfr capacity -arid the -sonrcfc- of- trte 

sheath current is also doubled and shown in drpwfpg % . The procedure of property calculation of sheath capacity 
and the source of the sheath current is shown below. 

(1) Assume the sheath capacity O CV) and the property of the source D of the sheath current (VX 
ft asks^ for Mgh^ewenoy-ciwent F according to (2) an& (a- formula f). 

(3) Search for the measured high frequency current I and the square error epsilon off searched for by (2). 

(4) Search for the sheath capacity C of epsilon (V). and the inclination over the source D of the sheath current (V). 
and correct the sheath capacity O CV) and the property of the source D of the sheath current 00 in the direction 
which makes epsilon small. 

It returns to (5) and (2X A procedure is ended in the place where epsilon became sufficiently smalL 

[0016] It is expressed that sheath capacrty is indicated by "the eleotronio communication link handbook (volume for 

IECE, Ohm-Sha CShowa 54)}* by sheath thickness and sheath area like (a formula 2). 

[0017] 

[Equation 2] 
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[00 1 B] moreover, it is known that ft is thickness extent catted a debye length as sheath thickness is indicated bv ~a 

[0019]° Pnyaics Ca Teijiro Uchida translation Maruzen » n ) (formula 3) — it can express like. 

[Equation 33 



\e k T 



? (*3) 
: *;vy^>j£»t 

rn2o?i o P '? 6 !r a consi$t * ncy 030 b * P^somed by using Ca formula 2) and Ca formula 3) from sheath capacity. 
L0021J Similarly, plasma properties. Such as a plasma consistency and electron temperature, can be known from a 
sheath current property as indicated by "Plasma Diagnostics Volume 1~ (the volume Orlando AncJeDo and on Daniel 
L. Ramm, Academic Press **). 

[0022] Furthermore, since it can ask for a plasma consistency from sheath capacity and a sheath current property 
respectively, the surface state of a probe can be presumed. For example, although a property will change as 
apparent sheath thickness increased if an insulating material adheres to a probe front face, it is hard to come out of 
effect to a sheath current property. Then, the surface state of a probe can be presumed using the difference among 
both. It can consider as- rute* of thumb, such as for example, a cleaning stage, according to the *'urFace *tafc: erf * 
probe. 

[0023] Although sheath capacity explained the example as a plasm* model with the model which changes with 
electrical potential differences, it can also simplify to the plasma model from which sheath capacity does not 
change. Moreover, although considered as the model which paid its attention only to the sheath section as 
mentioned above as a plasma mode*, in addition to- the paraHet ctretirt of the capacity showing the sheath section, 
and a current source, resistance can also be used as the model linked to a serial in consideration of resistance of 
the bulk plasma. 

[00241 A probe front face can also be beforehand covered with an insulating material. In this case, since direct- 
current potential does not become settled in case a plasma property is searched for from the property of an 
armature-voltage « < > m >° , current source, although plasma potential is uncomputable. it can count backward from the 
pteama consistency computed from sheath capacity* and direct-current potential can be defined eventually. 
[00251 [An example ZJ, next the 2nd of this invention - the 4th example are expfeihed using drawing 6 from drawing 
4 . These examples are examples which applied the plasma measurement approach and equipment which were 
shown in the example 1 to plasma treatment equipment The etching system which used this invention for drawing 6 
is shown. The interior of the. processing room 602 where* the. gas supply system which is not illustrated and- the 
evacuation system were connected is made to generate the plasma by the source 601 of the plasma. The substrate 
electrode 608 which laid the processed substrate 607 is installed in tho processing room 602. RF generator 6T1 is 
connected to the substrate efectrode 608 through the adjustment machine 610 and the blocking capacitor 609, and 
high frequency bias voltage can be applied to a processed substrate. Moreover, a probe 603 is loaded in the 
processing interior of a room, and the source 606 of a RF signal is connected through the blocking capacitor 6*2. 
Moreover, the voltmeter 605 for measuring tho ammeter 604 for measuring the current which flows to a probe 603 
and an electrical potential difference is connected. A plasma property can be presumed by the approach explained 'in 
the example 1 using the measurement vafue of a voltmeter 605 and an ammeter 604. 

[0026] If the electrical potential difference changed in time to the substrate electrode 608 by the RF by RF 
generator 611 I© applied, direct-current Mac potential will arise by the eJootron in tho plasma, and the difference In 
the mobility of ion. Usually, bias of the Substrate electrode is carried out to negative, and the cation in the plasma is 
regularly turned to the processed substrate 607, and it accelerates. An anisotropy is processible with this Ion. 
[0027] It is good also considering: the source of a signal which impresses high frequency to a probe as the 
co^rmguration of the example of drawing 6 is shown in drawing 5 as ah example simplified more, and the power source 
which applies high frequency bias voltage to a substrate as same RF generator 504w- In- addition, in 501, an ammeter 
and 503 shew a voltmeter and. as for a probe and 502, 505 shows a processed substrate. 

[0028] A probe 603 (501) can make the configuration of a part of contacting the plasma a globular shape, discoid 
and the configuration that the surface area of cylindrical *+ tends to compute geometrically. The line which supplies 
electric power to a probe 501 in a RF has coaxial structure so that a RF may not leak to the plasma, ft is covered 
wrth insulating materials, such as an alumina ceramic, in order that a coaxial outer conductor may -furthermore 
prevent connecting with the direct plasma electrically and changing plasma potential to it. Moreover, rt is good^lso 
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considering the configuration of a probe 603 as the shape Of a ring. Thereby, probe structure can be made into 
outline axial symmetry. When taking, structure w/th the whole etching system symmetrical with an outline shaft, it 
can prevent that plasma distribution serves as non-axial symmetry by the disturbance by probe loading by arranging 
the nngHike probe 803 to the processing Interior of a room according to the medial axis. Moreover, the conductive 
matter which the problem of contamination, a foreign matter, etc. cannot produce easily according to etched 
materia! as construction material of a probe 603 can be used. For example, when etching a conductive ingredient, 
problems, such as contamination, can be avoided by using the same conductive ingredient. Moreover, silicon may be 
used when a processed substrate is silicon. 

[0029] In order to secure the homogeneity within a field of a processed substrate, the member called a focal ring to 
the periphery seetion of a processed substrate may be installed. Usually, in etching processing; the field interior 
divrsion doth of a resultant affects the homogeneity within a field. Equalization of resultant distribution in the 
processed substrate periphery section can be attained with a focal ring, and the homogeneity within a field oF 
etching processing can be secured. When this focal ring has conductivity, the volt ampere characteristic of a focal 
nng can be measured and it can use as a probe. 

E0030] Moreover, as the configuration of the- example of drawing 6 is shown in drawing 4 as an example simplified 
further, it may change to a probe and a substrate electrode may be used as a probe. The interior of the processing 
room 402 where the gas supply system which is not Illustrated and the evacuation system were connected' is made 
to generate the plasma by the source 401 of the plasma. The substrate electrode 404 which laid the processed 
substrate 403 is installed in the processing room 402. RF generator 409 is connected to the substrate electrode 404 
through the-eQ5ustment machine- 408 and the blocking capacitor 407. and high frequency bias voltage- can be applied 
to a processed substrate. The voltmeter 406 for measuring the potential of the ammeter 405 for measuring the 
current which flows to the substrate electrode 404 by RF generator 409. and a substrate electrode is connected to 
the substrate electrode 404. 

[0031] The condition of an etching system can be known with the plasma property presumed from the high- 
frequency voltage current characteristic measured using the probe, or there. Since a device status can be evaluated 
auantrtatively. degradation of eaufomerrt seine, etc, can be supervised. 

[0O32J The process which carries out dry etching processing of the processed substrate among the production 
processes of a semiconductor integrated circuit is needed about 10 seconds of numbers per substrate in many 
cases. The consistency of a resultant is high while etched material and the active species Gt is ceded etchant 
beJow.) whioh reacts decrease by the reaction during etching. Since etched material- is mostly removed when etching 
is completed mostly, the consistency of a resultant is low and the consistency of etchant becomes high relatively. 
Parameters, such as a consistency of the plasma and temperature, also change with time amount progress of such 
etching processings. The high-frequency voltage current characteristic of each time of day can be recorded from 
etching processing initiation, and the plasma parameter change under etching can be caught from this property. 
L0033J The fluctuation accompanying etching -processing of the high-frequency-current voltage characteristic and a - 
plasma parameter can be recorded, and the abnormalities in equipment can be discovered at on early stage by 
comparing this with record when equipment is normal. Moreover, in early stages of etching, under etching, just 
before etching termination, otc. can determine time of day. and. thereby, can also judge the condition of equipment. 
Since the condition of equipment can be supervised, the operation by which equipment was stabilized is attained. 
L0034J 

[Effect of the mvention] According to this invention, stable operation of plasma treatment equipment-can be enabled- 

by applying the plasma motoring device which cannot be easily influenced of the disturbance by the resultant in the 
plasma etc edhering to a probe etc to the plasma treatment equipment for manufacturing a semiconductor 
integrated circuit etc. 



[Translation done.] 
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* NOTICES * 

JP0~ and NQIPI are not responsible, for any 
dawages caused by the use of this translation. 

1 .This document has bean translated by computer. So the translation may not reflect the original precisely. 

2. ***+ shows the word which can not be translated. 

3. tn the drawings, any words are not translated. 
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[Drawing 5] 
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